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PRESSURE DISTRIBUTIONS AND AERODYNAMIC CHARACTERISTICS 

OF 9' AND 15' BLUNTED CONES IN NITROGEN 

AND HELIUM AT MACH 20 

By Theodore R. Creel, Jr., Charles G. Miller 111, 
Dal V. Maddalon, and Ralph D. Watson 

Langley Research Center 

SUMMARY 

An experimental investigation to determine the pressure  distributions and force 
and moment character is t ics  on a 9' semiapex angle spherically blunted cone w a s  con- 
ducted in nitrogen in the Langley hotshot tunnel. P re s su re  distributions were obtained 
in the Langley 22-inch helium tunnel on 9' semiapex angle spherically blunted and flat- 
faced cones and on a 15' semiapex angle spherically blunted cone. 

The resul ts  of this investigation indicated that pressure  distributions on the 9' and 
15O semiapex angle spherically blunted cones at zero angle of attack were underpredicted 
by ideal gas  inviscid theory, but a theory accounting for viscous effects predicted the 
pressure  distribution on the go  spherically blunted cone in nitrogen. Blast-wave-type 
correlation parameters  were observed to  yield a fair correlation of pressure  dis t r i -  
butions obtained on the most windward meridian for angles of attack of 5O to 40° when 
an effective cone angle was used. Newtonian theory adequately predicted the radial  p re s -  
su re  distributions on the windward side of the go  and 15O semiapex angle spherically 
blunted cones. The shock shapes of the go  and 15O cones were correlated by using blast- 
wave-type correlating parameters.  Force and moment coefficients for the 9' spherically 
blunted cone, for the present investigation, in  nitrogen w e r e  in good agreement with those 
of other investigations using air and nitrogen as tes t  gases. 

INTRODUCTION 

Spherically blunted cones have been the subject of numerous analytical and experi- 
mental investigations. One such configuration, a 9' semiapex angle, 0.3 spherically 
blunted cone, has  received extensive testing in  a number of wind-tunnel facilities (refs. 1 
to 5) and has become regarded as a facility-calibration model. 
the ratio of nose radius to base radius.) Cones with other nose geometry and other semi-  
apex angles are of interest  f rom the standpoint of verifying predictions of aerodynamic 

(Bluntness is defined as 
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characterist ics,  p ressure  distribution, shock shapes, and standoff distance. Also of 
continuing interest  is the effect of the flow medium on the character is t ics  of such 
configurations. 

To provide experimental information for comparison with various theories, cor  - 
relations, and other experimental data, an investigation of several  conical bodies was 
undertaken in  the Langley hotshot tunnel in nitrogen and in the Langley 22-inch helium 
tunnel. Tests  in the hotshot tunnel in nitrogen included force and moment characterist ics 
for the 9' semiapex angle cone along with pressure  distributions and shock shapes for 
angles of attack f rom 0' to 40' at a Mach number of 20 and a free-s t ream Reynolds num- 
ber  of approximately 1.4 X 10 6 per  meter. 
in the Langley 22-inch helium tunnel - on the go semiapex angle 0.3 spherically blunted 
cone at zero angle of attack, on the go semiapex angle 0.03 flat-face cone at zero angle of 
attack, and on the 15' semiapex angle 0.15 spherically blunted cone at angles of attack 
f rom Oo to 30' - were obtained at a Mach number of 20 and a free-s t ream Reynolds num- 
ber of approximately 1.5 X lo7 per meter. Data resulting from the present study were 
compared with the theoretical predictions of reference 6 and to other experimental results. 

4 

Pressu re  distributions and shock shape studies 

SYMBOLS 

Force and moment coefficients a r e  referred to the body axes and stability axes and 
The pitching-moment coefficients a r e  referenced to the model are identified in figure 1. 

nose. 

A 

C A 

CD 

CD,n 

CL 

Cm 

cN 

model base area,  m b  2 

Axial force axial-force coefficient, 
L A  

drag coefficient, CN sin a + CA cos a 

Nose drag force nose drag coefficient, 

lift coefficient, CN cos (Y - CA sin (Y 

Pitching moment 

qmAdb 
pitching-moment coefficient, 

normal-force coefficient, 
Normal force 
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cP 

db 

MW 

'b 

rn 

S 

X 

z 

CY 

Y 

e 

pressure  coefficient, pw -Po0 
q W  

model base diameter 

model nose diameter 

CL 
CD 

lift-drag ratio, - 

f ree-s t ream Mach number 

stagnation pressure  behind normal shock 

model surface pressure  

f ree-s t ream static pressure  

f ree-s t ream dynamic pressure  

f ree-s t ream Reynolds number based on diameter of model base 

model base radius 

model nose radius 

wetted model length measured from model stagnation point at CY = 0 

axial coordinate measured from model stagnation point at CY = 0 

la teral  coordinate measured from model axis, normal to axis 

angle of attack 

ratio of specific heats 

cone semiapex angle 

model circumferential angle measured from the most leeward meridian 

model bluntness ratio, a r b  
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FACILITIES AND APPARATUS 

Tunnels 

The present investigation was conducted in  the Langley hotshot tunnel and the 
Langley 22-inch helium tunnel. The Langley hotshot tunnel is a, hypervelocity blowdown 
facility with a run t ime of approximately 0.1 second. The major components of the 
tunnel include a capacitor bank, electrical  collector, arc chamber,  a 10' total-divergence- 
angle conical nozzle, a 10' cone-cylinder diffuser, and a vacuum chamber and pumps. A 
more  detailed description of the facility, including calibration resul ts ,  is presented in 
reference 7. 

The Langley 22-inch helium tunnel, with contoured nozzle, is an intermittent 
closed-cycle blowdown facility with a run t ime of approximately 1 minute. A more 
detailed description and calibration of this facility are presented in reference 8. 

Models and Tests  

The models employed in the present investigation were a 9' semiapex angle spheri-  
cally blunted ($' = 0.3) cone, a 9' semiapex angle flat-faced ($' = 0.03) cone, and a 15O 
semiapex angle spherically blunted ($' = 0.15) cone. Sketches of the models, including 
tabulations of pressure  orifice locations, are presented in figure 2. 

Forces  and moments and pressure  distributions obtained on the 9' semiapex angle 
($' = 0.3) spherically blunted cone in  the Langley hotshot tunnel in nitrogen w e r e  obtained 
at a Mach number of approximately 20 and a free-s t ream Reynolds number of approxi- 
mately 1.4 X lo6 per  meter  with a stagnation temperature range of approximately 25000 
to 3000' K for  angles of attack f rom Oo to 40°. 

P res su re  distributions were obtained in the Langley 22-inch helium tunnel on the 
following models at a Mach number of approximately 20, a f ree-s t ream Reynolds number 
of approximately 1.5 x l o7  pe r  meter,  and a stagnation temperature of 2970 K: a 9' 
semiapex angle flat-faced ($' = 0.03) cone, a 9' semiapex angle spherically blunted 
($' = 0.3) cone, and a 15O semiapex angle spherically blunted ($' = 0.15) cone. The g o  
cones were tested only at zero  angle of attack and the 15' cone w a s  tested at angles of 
attack from Oo to 30'. 

Single-pass Z-type schlieren systems were used to obtain shock shapes for  the 

present investigation. 

Instrumentation 

Pressure  measurements. . . . .  - The relatively short  tes t  t ime of the Langley hotshot 
tunnel (approximately 0.1 second) and low level of model surface pressures  to be 
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measured (approximately 40 to 6895 N/m2) require pressure  transducers having short  
response times, high sensitivity, and minimum length of orifice tubing. 
coil single-diaphragm variable -reluctance pressure  t ransducers  (ref. 9) w e r e  mounted 
directly in the test model and pitot probe for the hotshot tunnel tests. 
inaccuracies in  the pressure  measurements on the model surface and the pitot probe pres-  
su re  measurements were believed to be approximately *15 percent and *5 percent, 
respectively. Arc-chamber stagnation pressure  w a s  measured by high-response strain- 

excited by 5-volt 20-kilocycle c a r r i e r  amplifiers. 
drove galvanometers in a light-beam-type oscillograph. 

Therefore double- 

The maximum 

. gage transducers having a full-scale rating of 138 MN/m2. All p ressure  transducers were 
The output signals f rom the amplifiers 

Model surface pressures  in  the Langley 22-inch helium tunnel were measured by 
two different types of gages. 
strain-gage diaphragm-type transducers.  
14.0 x lo3, and 21.0 x 103 N/m2 were used to obtain maximum possible accuracy for the 
ranges of pressures  encountered. 
gages, which employ a radioactive source to ionize the sampled gas, were used. These 
gages operate on two ranges, 0 to 4.0 X l o2  N/m2 and 0 to 4.0 X lo3  N/m2. 
the gages are of the ionization type, they are sensitive to variations in  gas composition, 
being five t imes more sensitive to air than to helium. 
w a s  taken to eliminate all possible sources  of leaks and outgassing which would result 
in  contamination of the flow thereby producing erroneous data. 
the strain-gage transducers and the ionization gages and e r r o r s  in  the measurements 
were believed to be approximately 2 percent and 5 percent, respectively. 

P res su res  greater  than 4.0 X 103 N/m2 were measured by 
Diaphragm gages with ratings of 7.0 X lo3,  

For pressures  less than 4.0 X lo3  N/m2, ionization 

Inasmuch as 

For this reason, extreme ca re  

Maximum inaccuracies of 

Force and moment measurements. - An internally mounted strain-gage balance 
w a s  used to measure forces  and moments in  the Langley hotshot tunnel. 
tunnel tes t  the balance was  statically calibrated to the anticipated maximum load for the 
test. 
changed during the test. The maxi- 
mum uncertainties in the force and moment coefficients as determined from static cali- 
bration of the strain-gage balance were as follows: 

Before each 

Because of the short  test time, angle of attack was  set before each test and was  not 
Base pressure  was  not measured during the tests. 

CA . . . . . . . . . . . . . . . . . . . . . . . .  k0.02 

CN . . . . . . . . . . . . . . . . . . . . . . . .  *os02 

cm . . . . . . . . . . . . . . . . . . . . . . . .  rto.01 
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Data Reduction 

A real-nitrogen data-reduction program (ref. lo),  using the initial arc-chamber 
density and the measured values of arc-chamber stagnation pressure  and test-section 
pitot p ressure  as inputs, was employed to determine test section flow conditions in  the 
Langley hotshot tunnel. The validity of the simplifying assumptions and uncertainties 
associated with computed flow parameters  are discussed in  the appendix of reference 7. 

Test section flow conditions in the Langley 22-inch helium tunnel were computed 
by using the ideal-gas relations of reference 11 in  conjunction with the real-gas correction 
factors of reference 12. 

. 

RESULTS AND DISCUSSION 

Pressure  Distributions 

9' spherically blunted cone. - Pressure  distributions for  the 9' semiapex angle 
spherically blunted ($' = 0.3) cone a r e  shown in figure 3 for  angles of attack from 0' to 
40'. The ratio of model surface pressure to stagnation pressure  behind a normal shock 
is plotted against the ratio of wetted model surface length to model nose radius s/rn 
where negative values of s / rn  correspond to the most windward ray (@ = 180O) and 
positive values of S/rn correspond to the most leeward ray (@ = 0). Also shown in 
figure 3 a r e  air (ref. 2) and nitrogen (ref. 5) resul ts  obtained in  other hypervelocity wind 
tunnels. 

At zero angle of attack (fig. 3(a)), the present nitrogen resul ts  and those of refer-  
ences 2 and 5 a r e  observed to be in good agreement and exhibit the common feature of an 
overexpansion with respect to the Mach 20 sharp cone solution. 
were obtained from ref.  13 for air and nitrogen and from ref. 11 for helium.) It should 
be noted that the resul ts  of reference 2 for zero angle of attack have been adjusted so  that 
the pressure ratio at s/rn = 0 is unity. 
a r e  slightly l e s s  than the Mach 20 helium surface pressure  ratios. This effect is believed 
to be primarily a resul t  of the difference in specific heat ra t ios  between the two gases. 
The free-s t ream Reynolds number difference between the helium tes t s  and the nitrogen 
and air tes ts  (R for the helium tests is greater  than fo r  the air and nitrogen tes ts)  is, 
according to references 14 and 15, in the wrong direction to yield the noted difference. 
Also shown in figure 3(a) a r e  ideal gas theoretical inviscid predictions using the method 
of reference 16 for both Mach 20 nitrogen and helium and the theoretical resul t  of refer-  
ence 1 7  for  Mach 18 air flow which includes viscous effects. 
corresponding to a hypersonic viscous parameter of 0.047 are shown in figure 3(a) of the 
present study since this value is approximately that of the present nitrogen resul ts  as 
well as those of reference 5. 

(Sharp cone solutions 

The nitrogen and air surface pressure  ratios 

The resul ts  of reference 17 

The theoretical viscous solution of reference 17 is 
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observed, i n  general, to predict  more accurately measured nitrogen and air surface pres -  
su re  ratios than the inviscid theoretical prediction of reference 16. 
results,  the inviscid theoretical prediction of reference 16 for  helium underpredicts the 
present helium surface pressure  ratios (fig. 3(a)) and implies that viscous and other 
second-order effects (as discussed in ref. 17) may contribute approximately 20 percent 
of the induced helium surface pressure  at s / rn  = 11. For angles of attack of loo to 40' 
(figs. 3(b) to 3(e)), the present nitrogen pressure  distributions and those of reference 2 in 
air are observed to be in  fair agreement. The asymptotic sharp cone solutions (ref. 13) 
for cone angles corresponding to effective semiapex angles, 0 + a,  are observed to 
represent a reasonable estimation of the windward ray pressure  ratios. 

As with the nitrogen 

. 
Radial p ressure  distributions on the go spherically blunted (I,!' = 0.3) cone in  Mach 

20 nitrogen flow are shown in figure 4 for angles of attack of 10' to 40° for  several  
S/rn stations. 
of the windward radial  p ressure  distribution to 

Newtonian theory ( C p , m z  = 2) is observed to give a reasonable estimate 
(Y = 20' (figs. 4(a) and 4(b)). 

go flat-faced cone.- The present Mach 20 helium pressure  distribution on a 9' 

The nitrogen data of reference 5 show a decay in pressure  ratio for 

55 

flat-faced (4!' = 0.03) cone is compared in figure 5 to the Mach 16 to 19 nitrogen resul ts  
of reference 5. 
s/rn > 55 to a value below the predicted asymptotic sharp cone solution, whereas the 
helium resul ts  show the pressure  ratio to remain essentially constant for s/rn 
and to be slightly greater  than the asymptotic value. 

150 spherically blunted cone. - Pressu re  distributions on the windward and leeward 
rays of the 15' spherically blunted (+ = 0.15) cone for Mach 20.5 helium flow are shown 
in figure 6 together with the Mach 21 resul ts  of reference 18 in nitrogen and the inviscid 
theoretical predictions of reference 16 for Mach 20 helium and nitrogen. At zero angle 
of attack (fig. 6(a)), the helium resul ts  of this investigation and the nitrogen resul ts  of 
reference 18 are in good agreement, both se t s  of data illustrating an overexpansion and 
recompression to the Mach 20 sharp cone solutions occurring within the measured 
range. The inviscid theoretical predictions of reference 16 a r e  observed to underpredict 
the measured pressure  ratios in  the overexpansion-recompression region at zero angle 
of attack. The present helium pressure  distributions and the nitrogen pressure  dis t r i -  

figs. 6(b) to (d)). 
solutions for the 15' cone for effective semiapex angles, 
mation of the windward surface pressure  ratios at all angles of attack. 

s / rn  

I butions of reference 18 are observed to be in good agreement to 15O angle of attack (see 
As with the 9' spherically blunted cone, the asymptotic sharp cone 

0 + a,  represent  a good approxi- 

Mach 20.5 helium of the present investigation and Mach 21 nitrogen (ref. 18) radial  
pressure distributions for  the 15O spherically blunted cone are shown in figure 7 for 
angles of attack f rom 50 to 30'. 
ment on the windward surface for  all angles of attack and also on the leeward surface for  

The two sets of data are observed to be in  good agree-  

7 



angles of attack to 15'. Newtonian theory adequately predicts the windward circum- 
ferential p ressure  distributions for the range of angle of attack tested. 

Correlations of Pressure  Distributions 

Results f rom the 9' spherically blunted and flat-faced cones of the present investi- 
gation and of references 2 and 5, and the resul ts  f rom the 15' spherically blunted cone of 
the present investigation and of reference 18, are shown in  figure 8 in te rms  of the theo- 
retical  blast-wave-type correlating parameters  derived in  reference 6. For zero angle 
of attack (fig. 8(a)), the theoretical resul ts  of reference 6 are observed to be in reasonable 

agreement with the experimental data to ~ =: 0.07 radian2. A s  the theory of 82 

Gi dn 

, it would not be expected to predict reference 6 is limited to small  values of ~ - 82 x 

dcD,n dn 

the experimental overexpansion-recompression region. 
tions are observed to correlate  reasonably well. 

However, the pressure  distribu- 

In an  attempt to correlate  the most windward pressure  distributions for the 9' 
spherically blunted and flat-faced cones with those of the 15' spherically blunted cones 
at angles of attack from 5O to 40°, the correlating parameters  of reference 6 were 
employed with effective cone semiapex angles, 
are observed to correlate  reasonably well. 

8 -1- a, as shown in figure 8(b). The data 

Shock Shapes 

Representative schlieren photographs illustrating shock shapes obtained on the 
cones of this investigation in  nitrogen and helium at a Mach number of approximately 20 
and zero angle of attack a r e  shown in figure 9. 
cally blunted cone for nitrogen and helium a r e  presented in  figure 10, where the shock 
coordinates are nondimensionalized by the model nose radius. As expected, the shock 
displacement f rom the model surface for Mach 20.5 helium is grea te r  than the shock 
displacement for  Mach 20 nitrogen. 
shapes predicted from the method of reference 16 for both Mach 20 nitrogen and helium. 
The theoretical predictions of reference 16 for both nitrogen and helium are observed to 
be in reasonably good agreement with measured shock displacement. 

The shock coordinates for the 9' spheri-  

Also shown in figure 10 are ideal-gas inviscid shock . 

The shock-wave shapes f o r  the go and 15' cones at zero  angle of attack are shown 
in figure 11 in te rms  of the blast-wave-type correlating parameters  derived in refer-  
ence 6. Also shown in this figure are the experimental resul ts  of reference 5 and the 
theoretical results of references 6 and 19 (correlating parameters  of ref .  19 are s imilar  
to those of ref. 6). The theoretical resul ts  of reference 6 a r e  based on hypersonic 
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slender-body theory while those of reference 19 were obtained, independently, f rom blast- 
wave analogies. The predictions of references 6 and 19 are observed to underestimate 
the measured shock displacements of the present study and those of reference 5. 
given value of y, the resul ts  of reference 6 predict a greater  shock displacement than 
those of reference 19, and hence are in  better agreement with the measured values for  

\/CD,n dn 

at --- e2 - 0.5 radian2 and thus predicts the trends of both the present resul ts  and 

those of reference 5 for  the 9' flat-faced and 15' spherically blunted cones. The theory 
of reference 6 is restr ic ted to small  values of x/dn and therefore is not applicable in 
the region where the shock wave becomes conical. 

For a 

e2 -- - < 0.5 radian2. Reference 19 predicts that the shock waves become conical 

\/CD,n dn 

Longitudinal Aerodynamic Character is tics 

The longitudinal aerodynamic characterist ics of the 9' spherically blunted 
($' = 0.3) cone obtained in  the present investigation are compared in  figure 12 with data 
from other investigations (refs. 1 and 2). 

As can be seen in figure 12, the aerodynamic characterist ics of the present investi- 
gation a r e  in good agreement with the data f rom references 1 and 2. 

CONCLUSIONS 

An experimental investigation to determine the pressure  distributions and force 
and moment characterist ics on a 9' semiapex angle spherically blunted cone was  con- 
ducted in nitrogen in the Langley hotshot tunnel together with pressure  distributions in  
the Langley 22-inch helium tunnel on go semiapex angle spherically blunted and flat- 
faced cones and on a 1 5 O  semiapex angle spherically blunted cone. The analysis of the 
resul ts  of the present investigation and comparison with the resu l t s  of other investiga- 
tions have yielded the following conclusions: 

1. Pressure  distributions on the 9' and 15' cones in  nitrogen and helium w e r e  in 
agreement. 
and 150 semiapex angle spherically blunted cones, theory accounting for  viscous effects 
predicted the pressure  distributions on the 9' spherically blunted cone in  nitrogen. 
Newtonian theory adequately predicted radial p ressure  distributions on the windward side 
of 9' and 15O spherically blunted cones. 

Although inviscid theory underpredicted pressure  distributions on the go 

2. Blast-wave-type correlation parameters  were observed to yield a fair correla-  
tion of pressure  distributions obtained on the most windward meridian for angles of 
attack of 5' to  400 when an  effective cone angle was used. 

I 
I 9 



3. Shock shapes for  the 9' and 15O cones correlated well when blast-wave-type 
correlating parameters  were used. 

4. The aerodynamic character is t ics  obtained on the go spherically blunted cone in 
the present investigation in nitrogen were in good agreement with those of other investi- 
gations in  other facilities. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., August 1, 1967, 
124-07-02-54-23. 
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Figure 1.- Sketch showing positive direction of force and moment coefficients and angle of attack for the present investigation. 
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(a) 9' spherically blunted cone; @ = 0.3; r b  = 3.81 cm. 

Figure 2.- Sketches of models i l lus t ra t ing geometry and instrumentation location. 
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Figure 2.- Continued. 
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Figure 2.- Concluded. 
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Figure 3.- Continued. 
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Figure 4.- Radial pressure distr ibutions a t  angles of attack for a 9’ spherically blunted cone at M,- 20 and 7 = 7/5. 1 = 0.3; R =: 1.1 X lo5. 
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(a )  9' spherically blunted cone; y = 7/5; R = 1.1 X lo5. 

a 

(bl 9' spherical ly b lunted cone; y = 5/3; R = 1.2 X IO6. 

-J 
(c) 9O flat-faced cone; y = 5/3; R = 1.2 X IO6. (d) 15' spherical ly blunted cone; y = 5/3; R = 1.2 X IO6. 

Figure 9.- Representative schl ieren photographs. a = 0'; M, 2 20. L-67-6673 
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Figure 10.- Shock shapes in nitrogen and hel ium for a 9' spherically blunted cone. M, 2 20; a = Oo; 0 = 0.3. 
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Figure 11.- Shock shape correlation for  u = 0' 
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Figure 12.- Longitudinal aerodynamic character ist ics of a 9O spherically blunted cone. $ = 0.3; r b  = 3.81 cm; y = 7/5. 
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Figure 12.- Concluded. 
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